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SUMMARY 

The effects of electron radiation on capacitor-type detector systems similar to 
those used on the Pegasus satellite w e r e  investigated. Each system that was  tested con
sisted of a polyurethane foam panel containing two capacitor- type-meteoroid detectors, 
several meters of polyethylene terephthalate insulated electrical leads, and other items 
such as rubber shock mounts and polyethylene terephthalate adhesive tape. Three d i f 
ferent target thicknesses for the meteoroid detectors were tested, these thicknesses 
being 40, 200, and 400 microns (1.5, 8, and 16  mils). 

The incident kinetic energy of electrons used in the tests ranged from 30 keV to 
1000 keV, and the temperature of the detector systems was  maintained at either 197O K 
o r  297' K. It w a s  found that radiation-induced dielectric breakdowns were produced in 
the systems and that some of these signals w e r e  indicated as meteoroid penetrations. 
It w a s  determined that the primary source of the breakdowns and, hence, the penetration 
indications was  the polyethylene terephthalate insulated wire. The number of breakdowns 
and penetration indications obtained for a fluence of 5 X 1013 e/cm2 was  found to be 
dependent on the incident kinetic energy of the electrons and the system temperature; 
that is, more breakdowns and penetration indications occurred at the lower temperature 
(197O K) and the lower energies (30 keV to 100 keV). Tests were performed with differ
ent modifications made to the signal processing circuits. Several of these modifications 
resulted in a significant reduction or  the total elimination of the radiation-induced pene
tration indications. Finally, it was  found that those systems containing 200 and 
400 micron detectors with 200- and 400-micron-thick targets suffered severe decreases 
in resistance in the capacitor-type detectors. 

INTRODUCTION 

Several types of meteoroid detectors have been developed to provide a direct mea
surement of the frequency of meteoroid penetrations as a function of known thickness of 



known materials. Among these detectors is the capacitor-type which was developed at 
the Langley Research Center. This type detector was found to exhibit excellent detection 
characteristics in early testing, and the associated detector electronic circuits were 
relatively simple and easily constructed. Because of these and other advantages, the 
capacitor detector was  chosen as the type detector to be included on the Pegasus series 
of meteoroid detection satellites (refs. 1 and 2). 

As part of the development program, both detectors and associated hardware were 
subjected to a variety of tests. Among the tests was  an attempt to determine the effects 
of electron irradiation on complete detector systems. (In addition to the detectors them
selves, the systems included the support panels for the detectors, polyethylene tereph
thalate ribbon wire and tape, and rubber shock mounts.) The radiation tests were 
prompted by the fact that (1) the satellites containing the exposed detector systems would 
be passing through part  of the earth's radiation belts (refs. 3 and 4) and (2) previous tests 
indicated that charge storage with subsequent dielectric breakdown took place in dielec
tric materials when exposed to electron irradiation (ref. 5). These breakdown signals 
reported in reference 5 had a shape that w a s  similar to the signals expected to be pro
duced by meteoroid penetrations. Hence, the signals might be indistinguishable to the 
signal processing and recording circuits. Consequently, the objectives of the irradiation 
tests were (1)to determine the sources of the breakdowns in the detector systems, (2) to 
determine the magnitude of the occurrence of the breakdowns, and (3) to minimize the 
effect of the breakdowns by making changes in the detector electronics. 

Extensive tests were carried out on detector systems containing detectors having 
a target thickness of 40 microns. (These detectors a r e  hereinafter referred to as 
40 micron detectors.) Other tests were made in which the detector systems contained 
detectors having 200- and 400-micron-thick targets. (These detectors a r e  hereinafter 
referred to as 200 micron and 400 micron detectors.) The number of breakdowns and 
the number of penetration indications produced by the breakdowns in the detector elec
tronics were monitored for a given fluence of electrons. Fil ter circuits were designed 
to discriminate against the penetration indications produced by the radiation-induced 
breakdowns. 

APPARATUS AND TESTS 

Accelerator 

The detector systems were irradiated with a beam of monoenergetic electrons pro
duced by a cascaded-rectifier potential drop accelerator (ref. 6). This accelerator fur
nished direct-current beams of electrons having incident kinetic energies ranging from 
30 keV to 1000 keV. 
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The accelerator energy w a s  calibrated by using a solid-state radiation detector 
which, in turn, w a s  calibrated with suitable radioactive isotopes. The energy spread of 
the beam and the short-term energy fluctuations were l e s s  than the 18-keV (full  width at 
half maximum) resolution of the detector. However, the actual energy of the beam was 
believed to be within 1.0 percent of the nominal value stated. 

Target Chamber 

The target chamber used for these tes ts  was cylindrical with a diameter of 
2.13 meters and a length of 4.88 meters  (fig. 1). The chamber and the beam-handling 
system were evacuated to a pressure of 2.67 x l o m 4N/m2 (2 X torr)  by using six 
large oil-diffusion pumps. The interior of the target chamber was equipped with cryo
genic panels to cool the tes t  samples. Targets were mounted at the end of the chamber 
in an aluminum frame. The aluminum f rame was  supported on knife edges so that the 
detector systems were cooled by thermal radiation. The temperature of the target 
system w a s  monitored by a thermocouple mounted on the aluminum frame. 

Beam Characteristics 

Electrons produced by the accelerator passed through an evacuated beam tube into 
beam-handling and target-chamber systems (fig. 1). By the use of steering, focusing, 
and spreading magnets, the beam w a s  directed into the target chamber. The beam w a s  
spread by a quadrupole magnet just prior to entering a chamber containing a collimator. 
The collimator limited the cross-sectional a rea  of the beam entering the target chamber 
so as to prevent the scattering of electrons off the target-chamber walls. The diverging 
beam traversed the length of the chamber and impinged upon the target (fig. 1). An area  
of at least 0.62 m by 1.11 m was  bombarded by the beam. This a rea  included the entire 
detector system when mounted in the aluminum supporting frame. The beam current 
uniformity over this a r ea  w a s  determined by swinging Faraday cups over the target 
about axes located directly above and directly to the right of the target (fig. 2). (The 
outline of the target a rea  is seen in the pattern on the aluminum plate.) The midway 
position in the a r c  swept by each Faraday cup w a s  the same. The density of the spread 
beam was found to be uniform in these a r c s  to within +15 percent of the stated current 
densities (expressed in e/cma-sec). In addition, a secondary check on the beam current 
uniformity was made by simply observing (with the aid of closed-circuit television) the 
fluorescence of zinc sulfide that was applied to an aluminum plate at the target area. 

The beam current density during tests w a s  monitored by a biased Faraday cup 
(200 volts negative). Figure 3 shows the position of the Faraday cup relative to the 
target. Current collected by the Faraday cup w a s  fed through an integrating electrom
e ter  (accuracy within 2 percent of indicated values) to the ground to measure the f lux 
in e/cma-sec and the total fluence in e/cm2. 
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Test Samples 

The complete detector system consisted of the meteoroid detector panel, rubber 
shock mounts, polyethylene terephthalate insulated ribbon wire, and polyethylene tereph
thalate adhesive tape (figs. 3 to 5). The detector panels consisted of two 50- by 100-cm 
parallel-plate capacitors separated by a 2.5-cm layer of polyurethane foam (fig. 5). The 
capacitor-type detectors were formed by backing either 40-, 200-, o r  400-micron-thick 
aluminum target plates with a 12-micron-thick polyethylene terephthalate trilaminate 
which, in turn, was backed by a 0.07-micron-thick layer of vapor-deposited copper. Type 
1100-0 aluminum was used for the 40 micron detectors and 20241'-3 aluminum w a s  used 
for  the 200 and 400 micron detectors. An Alodine thermal control coating was  placed on 
the outer aluminum surface of the detectors (ref. 2). 

Mounted on the detector panel were two terminal blocks to which electrical connec
tions could be made to the two detectors (fig. 4). A resistor-diode network was placed 
in each terminal block. Much of the terminal block was encased with dielectric material 
in order to provide electrical insulation between the two detector terminals. Dielectric 
material was also present at the six points at which the detector panel was attached to 
the supporting frame. Rubber shock mounts were used at these positions for this attach
ment purpose (fig. 3). 

Polyethylene terephthalate insulated ribbon wire  was  used to connect the detectors 
to the readout electronics. Approximately 16 meters of this ribbon wire was attached 
(with the polyethylene terephthalate tape) to the aluminum supporting frame. (This was  
done since wire segments of several meters in length are required on large meteoroid 
detection satellites such as Pegasus.) This wire consisted of eight flat copper w i r e s  
(0.07 mm thick) imbedded in 0.02 millimeter of polyethylene terephthalate. Four of the 
wires were used to connect to the detectors and the other four were grounded. 

Test  Circuits 

The basic readout circuitry as used in the experiment is seen in figures 6 and 7 
and was designed to operate in the following manner. When a meteoroid passes through 
the capacitor-type detector (charged to 44 volts), a plasma is created momentarily in the 
region of penetration. Conduction through the plasma causes a temporary discharge of 
the biased detector. After the plasma dissipates, conduction ceases and the detector 
recharges at a rate characteristic of the capacitance and resistance of the recharge cir
cuit. The resultant signal produced by the penetration passes through a resistor-diode 
isolation network and the polyethylene terephthalate insulated ribbon wire to the detector 
electronics. The input signal from the detector system passes through an input filter of 
the detector electronics which is designed to suppress any high-f requency radiation-
induced signals. Next, it passes through a coupling capacitor, a diode, and another 
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filtering circuit to an integrating amplifier. Simultaneously, the signal starts a one-shot 
multivibrator which, in essence, acts as a timer for the integrating amplifier. The inte
grator functions for  250 microseconds and the resultant signal from the integrating 
amplifier is fed to a Schmitt trigger. If the voltage time product of the breakdown signal 
is greater than a given value, the Schmitt trigger produces a signal having an amplitude 
of 4 volts and a duration of 5 milliseconds which is transmitted to monitoring and 
recording circuits (fig. 7). In the tests reported herein, the discrimination level for the 
Schmitt trigger w a s  usually set such that a transient having an amplitude greater than 
2.9 volts and a decay corresponding to the RC time constant of the detection electronics 
would be recorded as a penetration indication. (Trigger levels different from 2.9 volts 
are specifically noted in the pertinent places.) This discrimination level was maintained 
within *0.2 volt of the nominal voltage setting. 

The breakdown signal and the resulting signals produced in the detector electronics 
were monitored with the instrumentation seen in figure 7. Specifically, the breakdown 
signal was monitored by oscilloscope 1 and the integrator output and penetration indica
tions were monitored by oscilloscope 2. The trigger level in oscilloscope 1w a s  usually 
set  such that only breakdowns having an amplitude greater than 28 volts would be 
accepted. Gating signals produced in oscilloscope 1 by such breakdowns were used to 
trigger oscilloscope 2 so  that the breakdown, integrator output, and penetration indication 
signals could be displayed simultaneously. The number of breakdowns were recorded on 
counters that accepted a gating signal from oscilloscope 2. Penetration indications were 
recorded by passing the output of the detector electronics directly to counters. Both 
detectors of the detector systems were monitored in this manner. Photographs were 
obtained of the oscilloscope t races  produced by the breakdown, the integrator output, and 
the penetration indication signals. 

A minor circuit change w a s  made to the detector systems during the tests. This 
change involved the replacing of a 1000-ohm resistor on the terminal board of the detec
tors with a l-megohm resistor. This change had negligible effect on the data. 

Test Program Outline 

The outline of the test program on the meteoroid detector systems is as follows. 
For each part of the program the systems tested, the purpose of the tests, and the test 
conditions are given. 
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I. Tests on detector system 1, 40 micron detectors (original input filter, fig. 6, was 
used) : 

Purpose: Determination of the sources of radiation-induced breakdowns in the 
detector system 

Test conditions: System temperature, 197O K; kinetic-energy range, 30 keV to 
250 keV; electron flux, 1010 e/cma-sec 

Note: The resistance R was 1000 ohms 

II. Tests on detector system 2, 40 micron detectors (original input filter, fig. 6, was 
used): 

Purpose: Determination of the effect of kinetic energy and temperature on the 
radiation-induced breakdowns and penetration indications 

Test conditions: System temperature, 197O K o r  297O K; kinetic-energy range, 
30 keV to 250 keV; electron flux, 1010 e/cma-sec; inputs to detector 
electronics from detectors, normal o r  reversed 

Note: The resistance R w a s  1000 ohms 

III. Tests on detector system 3, 40 micron detectors: 

A. Purpose: Determination of the effects of intermittent irradiation on the 
production of breakdowns and penetration indications (original input 
filter, fig. 6, was  used) 

B. Purpose: Reduction of the effects of breakdowns in the detector electronics 
by making input filter modifications (the ribbon wire used in all previous 
tests was replaced by an  unirradiated segment during this section of the 
test program) 

Test conditions: System temperature, 197O K; kinetic-energy range, 30 keV to 
250 keV; electron flux, 1010 e/cm2-sec 

Note: The resistance R was  1 meghom 

IV. 	Tests on detector systems containing 200 and 400 micron detectors (original input 
filter, fig. 6, was  used) 

Purpose: Determination of the effect of kinetic energy on the production of 
breakdowns and penetration indications 

Test conditions: System temperature, 1970 K; kinetic-energy range, 300 keV 
to 1000 keV; electron flux 1O1O e/cmz-sec 

Note: The resistance R was 1 meghom 
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RESULTS AND DISCUSSION 

The detector systems were tested under severe environmental conditions; that is, 
the systems were irradiated by using a flux (1O1O e/cm2-sec at all energies) higher than 
might be encountered by the Pegasus satellites, and the temperature (197O K * 40° K) 
at which the greatest number of tests were conducted was lower than that to be  expected. 
In addition, the laboratory irradiations were for the most par t  carried out by using a 
steady electron flux whereas the Pegasus satellites would experience significant fluxes 
of electron radiation only when it entered the South Atlantic anomaly of the radiation 
belts. This serves  to point up the great difficulty in simulating the space environment. 

Detector System 1 

The first detector system tested was one with 40 micron detectors (part I of test  
program outline). However, only one of the detectors w a s  operative; the other detector 
(the detector not exposed directly to the beam) was  found to be short circuited. Conse
quently, only the operable detector with i ts  associated circuitry w a s  involved in the 
testing. Both the number of breakdowns and the number of penetration indications were 
monitored. 

First, the entire detector system w a s  irradiated. Next, the detector panel con
taining the detectors, the ribbon wire, and the tape were irradiated with the rubber shock 
mounts being replaced by metal screws. In the final case, only the detector panel con
taining the detectors w a s  irradiated. The ribbon w i r e  was  replaced by uninsulated copper 
wire and the shock mounts by metal screws. The results on detector system 1 are seen 
in table I. 

With the entire system being irradiated, a considerable number of penetration indi
cations were obtained. When the ribbon wire, tape, and detector panel were tested, a 
great many breakdowns and penetration indications were still obtained. However, when 
only the detector panel w a s  irradiated (all other insulated components replaced), very few 
penetration indications and relatively few breakdowns were obtained (even though the trig
ger level for the acceptance of the breakdowns was reduced). These results indicated 
that the major source of breakdowns and penetration indications w a s  the polyethylene 
terephthalate insulated ribbon wire and tape. The presence of Lichtenberg figures 
(permanently visible patterns caused by the discharges) in  the ribbon wire supported 
this conclusion. Additional evidence obtained from the examination of the photographs 
of the breakdown signals indicated that the breakdowns originated in the ribbon wire. 
The decay time constant of the breakdowns seen in the photographs (2 to 5 micro
seconds) was considerably l e s s  than that expected from breakdowns originating in  the 
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detector (approximately 3 milliseconds). This difference is attributable to the large 
difference in capacitance in the ribbon wire and the detector. 

Detector System 2 

Tests were made on a second detector system with 40 micron detectors in order  to 
determine the effects of incident kinetic energy (30 to 250 keV) and temperature (1970 K 
and 297O K) on the number of breakdowns and penetration indications (part II of the test 
program outline). Figures 8 to 11 show the results of these tes ts  on detector system 2. 
Included in these figures a r e  results obtained when the two inputs to the electronics 
(channels 1 and 2) from the two detectors were interchanged. This interchanging was 
done in order to assure  the fact that each channel of the detector electronics performed 
its function in a similar manner. 

Some general features can be observed in all these results. The greatest number 
of breakdowns and penetration indications were obtained at the lower energies with a sub
sequent decrease at the higher energies. This result  is due to the fact that more elec
trons a r e  stopped and trapped in the materials at  the lower energies than at the higher 
energies. Consequently, l e s s  fluence is required to cause breakdown in the material. 
This condition is in substantial agreement with trends observed in capacitors and insu
lated wires as reported in reference 5. Also in agreement with reference 5 is the effect 
of temperature on the production of breakdowns. Considerably fewer breakdowns and 
penetration indications were obtained at 297O K than at 197O K. However, the evidence is 
inconclusive as to whether the switching of inputs had any effect on the results; that is, 
essentially the same results were obtained from the front (or rear) detector regardless 
of whether the inputs to the detector electronics were switched. 

Photographs of two breakdown signals along with the associated integrator output 
and penetration indication signals a r e  seen in figures 1 2  and 13. The breakdowns a r e  
characterized by a very fast r i se  time which is on the order of a few nanoseconds and a 
subsequent decay corresponding to the RC time constant of the ribbon wire  and detection 
circuit (not including the meteoroid detector). At the forward edge of the signal, high 
amplitude ringing is observable (fig. 12). This ringing is believed to be due to induc
tances in the test system. In figure 13, two types of penetration indication signals a r e  
observable. The pulse shape seen in the top photograph of figure 13  was that expected 
from the electronics when the detector electronics processed the penetration signal as 
designed. However, the majority of penetration indication pulse shapes were similar to 
that seen in the bottom photograph of figure 13. The pulse shapes indicate that the detec
tor  electronics were not processing the signal correctly; that is, the signal was  bypassing 
the integrating circuit and directly triggering the Schmitt trigger. (It may be recalled 
that when the electronics operate as designed the integrator output signal triggers the 
Schmitt trigger when the time-voltage product is greater than a given threshold value.) 



Detector System 3 

Some tests  were conducted on a third detector system with 40 micron detectors in 
order to determine the effects of intermittent electron irradiation (part IIIA of the test  
program outline). This was done in order to approximate more closely the expected 
orbital environment. The detector system was irradiated for only a period of 50 seconds 
in a 300-second period. The beam was switched off and on in this manner until the sys
tem had received a fluence of 5 x 1013 e/cm2. Results of the number of breakdowns 
and penetration indications obtained for  this dose on detector system 3 are seen in 
table II(a). In addition to the fact that breakdowns and penetration indications occurred 
during the irradiation period, it w a s  found that a few of each occurred during the period 
when there w a s  no irradiation. (By far the greatest number, however, occurred during 
irradiation.) 

As a consequence of the generally unsatisfactory operation of the detector electron
ics, it became obvious that circuit modifications were necessary to reduce the effects of 
the irradiation. Hence, new input filters to the detector electronics were designed and 
tested (part IIIB of the test  outline program). The results of these tes ts  are seen in 
tables II(b) to II(h). It w a s  found that f i l ters 3, 4, and 5 were the most effective in 
reducing the effects of the breakdowns in the detector electronics. Few penetration 
indications resulted even though many breakdowns occurred in the detector system. It 
w a s  also found that filter 6 considerably reduced the effects of the breakdowns. In addi
tion, filter 6 caused the signals to be processed in the detector electronics as designed. 
Consequently, several filter configurations were found that reduced the probability that 
radiation-induced breakdowns would cause penetration indications. 

Detector Systems Containing 200 and 400 Micron Detectors 

Five 200 micron and two 400 micron detector systems w e r e  irradiated in order  to 
determine the effects of higher energy electrons (300 to 1000 keV) on the production of 
penetration indications. (See part IV of test  program outline.) These results are seen 
in table III. It was found that considerably fewer breakdowns and very few penetration 
indications occurred even though the original input filter was used in the detector elec
tronics. In addition, i t  w a s  found that the resistance of at least  one of the two detectors 
contained in each detector system decreased from approximately 2 x 109 ohms to l e s s  
than 5 x 106 ohms after having received a fluence of 1.5 X 1014 e/cm2. In most cases, 
this marked decrease in resistance occurred in the detector that was being bombarded 
directly by the electron beam. It was also noted that these resistance decreases 
occurred after the detectors had been bombarded with 500- to 1000-keV electrons. The 
causes of this behavior have not been determined. 
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However, before the detectors had developed the severe resistance decreases, 
some photographs of the breakdowns and penetration indications were obtained. I t  was 
found that some of the breakdown signals had decay times indicating their origin to be the 
12-micron-thick polyethylene terephthalate of the meteoroid detector; that is, the signals 
had decay time constants corresponding to the resistance of the detector electronics and 
the capacitance of the meteoroid detector. Hence, radiation-induced breakdowns were 
obtained in the detectors in addition to the other insulating materials used in the detector 
systems. 

CONCLUSIONS 

The effects of electron radiation in combination with temperature and vacuum on 
capacitor-type meteoroid detector systems, similar to those used on the Pegasus satel
lite, were investigated. Variable parameters studied were electron kinetic energy (30 to 
1000 keV) and temperature (1970 K o r  2970 K). Dielectric breakdowns were detected and 
subsequently studied to determine the source. Electronic filter circuits were designed 
to eliminate o r  reduce the effects of dielectric breakdowns on the electronic detector 
system. The following conclusions were reached from this study: 

1. Dielectric breakdowns caused by the electron irradiation produced penetration 
indications in the meteoroid detector systems tested. Filter networks were designed 
that considerably reduced the effects of the breakdowns in the detector electronics and, 
in some cases, completely eliminated them. 

2. Breakdowns were produced primarily in the polyethylene terephthalate ribbon 
wire of the detector systems although there were other sources such as the polyethylene 
terephthalate dielectric of the meteoroid detectors. 

3 .  The number of breakdowns and penetration indications obtained for a given 
fluence w a s  dependent on the temperature and incident electron kinetic energy. Fewer 
breakdowns were obtained at  2970 K than a t  1970 K. Also, fewer breakdowns were 
obtained at  the higher kinetic energies (100 to 1000 keV) than a t  the lower kinetic energies 
(30 to 100 keV). 

4. Tests on 200 and 400 micron detector systems a t  197O K with incident energies 
between 500 and 1000 keV showed that both types of detectors were susceptible to the 
development of permanent decreases in resistance. The resistance decrease occurred 
before the detector systems had been exposed to a fluence of 1.5 X 1014 e/cm2. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., March 5, 1968, 
124-09-12-05-23. 
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TABLE 1.- RESULTS OF ELECTRON IRRADIATION TESTS ON DETECTOR SYSTEM 1 

FOR THE PURPOSE OF DETERMINING THE SOURCE OF RADIATION-INDUCED 

BREAKDOWNS AND PENETRATION INDICATIONS 

- ~~ I i 1 

Incident electron Total electron Number of voltage Number of penetrationkinetic energy, f luence, breakdowns obtained indications obtainedkeV e/cm2 

Radiation tes ts  with entire detector system exposed to beam 

50 1014 43 
50 7.5 x 1013 ::y P 28 V 32 

250 1.26 x 1014 139 0 

50 5.1 x 1013 ""7 52
2 5 v  

3075 1.26 x 1014 4116 

Radiation tes ts  with detectors, ribbon wire, and adhesive tape exposed to beam 

30 19 
50 320 14 
75 926 44 
75 

100 
880 ) Z 2 8 V
243 

45 
5 

150 113 0 
200 193 3 
250 324 3 

d . 

Radiation tes ts  with only detectors exposed to beam 

30 1.73 x 1013 0 
50 5 x 1013 0 
75 0 

100 5 
150 113 0 
200 114 
250 1 41 0 

0 
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TABLE II.- RESULTS OBTAINED FROM DETECTOR SYSTEM 3 

Number of voltage breakdowns obtained Number of penetration indications obtained 
Incident electron for fluence of 5 x 1013 e/cm2 for nuence of 5 x 1013 e/cm2kinetic energy,

keV 
Front detector I Rear  detector Front detector I Rear d e t e c t o r  

(a) Intermittent radiation tes ts  (beam on 50 sec,  off 250 sec until fluence of 5 X 1013 e /cmz was obtained) 

75 
75 

30 
50 
75 

100 
150 
200 
250 

30 
50 
75 

100 
150 
200 
2 50 

30 
50 
75 

100 
150 

200 
250 

Input fi l ter:  

22 25 
26 I 23 

(b) Radiation tes ts  on detector system 3 using original input fi l ter  1 

Input filter: 
220 s2 

148 9 

4 58 2 2  


28 

269 b 28 V 22 


99 8 

162 3 


28 0 


’:...;190 

249 

(d) Radiation tes ts  using input fi l ter  3 

Input fi l ter:  I I 
1N970B 

Not monitored 

E 10 v 

13 


I 
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TABLE II.- RESULTS OBTAINED FROM DETECTOR SYSTEM 3 - Concluded 

Number of voltage breakdowns obtained Number of penetration indications obtained 
Incident electron for fluence of 5 x 1013 e/cm2 for fluence of 5 x 1013 e/cmzkinetic energy,

keV r
Front detector 1 Rear  detector Front detector I Rear detector 

(e) Radiation tes t s  using input fi l ter  4 

Input fi l ter:  

1N970B 

30 Not monitored 
50 
75 
100 

150 
200 
2 50 I

(f)  Radiation tests using original input fi l tera 

Input filter: 
I 

220 s? 	 1220 pfT 

50 213 
75 2 2 8  V 1 ;:$2 2 8  V 1 54 
100 1066 69 

(g) Radiation tests using input fi l ter  S a  

Input filter: 

1 Pf 	7' 

50 
75 
100 

365 2 20 V 1 '20V 1 
1443 

0 
0 

0 

0 
0 
0 

(h) Radiation tests using input fi l ter  6 a  

Input fi l ter:  

20 s2 12 V Zener 

I 

50 14 0 

75 20 I 0 

aRibbon wire used in a l l  previous tes t s  replaced by a new segment. 
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TABLE ID.-RESULTS OF TESTS ON 200 AND 400 MICRON DETECTOR SYSTEMS 

k h e  input filter used in the detection circuit was the original filter (220 a,220 pfg 

Kinetic Number of breakdowns Number of penetration .Resistance at failure 
Detector Type energy, 2 28 volts indications 
system 

keV Front Rear Front Rear Front Rear 

4 200p 
405 K a  

5 2001.1 - - -_--

280 KO 

6 200y 500 KO 

7 200y 
11 KO 

8 200y 
170 KO 

9 400p 

20 0 0 50 M a  2.7 M a  

10 400p 	 600 0 0 0 0 
700 10 3 44 0 >io9 a 

F1 
uence, 

Commentse/cm2 

Penetration indi
cation trigger 
level = 5 volts 

5 x 1013 
5 x 1013 Penetratim in1 
5 x 1013 cation trigger 

1013 level = 2.9 volts 

1 x 1014 



Target chamber 
Detector poneI 

support frame7 


Bea 
in 

&using, steering 
ond spreading 

magnets 

Figure 1.- Beam handl ing and  target chamber systems. 
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Figure 2.- Experimental setup used to determine t h e  beam c u r r e n t  un i formi ty .  L- 65-3435.1 



figure 3.- Experimental arrangement of detector system. L-65-3409.1 
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Figure 4.- Details of meteoroid detector system. L-65-1656,l 



N A l o d i n e  thermal control coating 

400,200,or 40 p aluminum 

12 /-L Polyethylene terephthalate dielectr 

0.07 p vapor deposited copper 

0,635 cm flexible open cell foam 

1.27 cm rigid closed ce l l  foam 

0.635 cm flexible open cell foam 

0.07 p vapor deposited Copper 

12 p Polyethylene terephthalate dielect 

4O0,20O1or40 p, aluminum 

Alodine thermal.control coating 

Note :The 40 micron capacitors are bonded 
directly to 2.54 cm rigid foam cores 
with a 125p layer epoxy. 

Figure 5.- Capacitor-type meteoroid penetration detector. 
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polyethylene terephthalate I---------- I 

ribbon wire I 5.1 K I 


Detector 

I 


detector 

I I I  


Resistor - IL---- -1 

diode networks I original 

located on I input 


detector I filter 


R' - See page 6 for values 

Figure 6.
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39Pf  4 I 
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Integrator 

I 
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3 3 0  a 250psecond a output 1 
I
one shot 


multivibrator I 
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-
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1 

I 

Schmi t t  	 I 
I 
I 

Detector signal processing circuits. 
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L
-
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-

I 

1"Gates 2 
0 scilloscope networks# 1. 

Front ,l?Inputs  ) 2  
detector t J 

Rear 
c 
 Printerdetector 
- I E 5  

Figure 7.- Block diagram of signal processing and recording circui ts.  
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(a) Breakdowns. 
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0 100 200 300 

Incident electron kinetic energy, keV 

(b) Penetration indications. 

Figure 8.- Dependence of number of breakdowns and penetration indications on kinetic energy at 197O K for detector system 2. 
Front detector i s  connected to channel 1 of readout electronics and rear detector is connected to channel  2. 
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Figure 9.- Dependence of number of breakdowns and penetration indications on kinetic energy at 297O K for detector system 2. 
Front detector is connected to channel 1 of readout electronics and rear detector i s  connected to channel 2. 
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(a) Breakdowns. (b) Penetration indications. 

Figure 10.- Dependence of number of breakdowns and penetration indications on kinetic energy at 1970 K for detector system 2. 
Front detector i s  connected to channel  2 of readout electronics and rear detector i s  connected to channel 1. 
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Figure 11.- Dependence of number of breakdowns and penetration indications on kinet ic energy at 297O K for detector system 2. 
Front detector i s  connected to channel  2 of readout electronics and rear detector i s  connected to channel  1. 



Abscissa : lop seconds/divis ion 
Ordinate ; 20  volts/division 

( I )  Front breakdown 

( 2 )  Rear breakdown 

Abscissa : lp seconds/division 
Ordinate : 50 volts /division 

Front breakdown 

Rear breakdown 

Figure 12.- Photographs of breakdowns occurr ing in meteoroid detector system. 
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( I )  Front integrator output 

(2)Front penetration indication output 


(3) Rear integrator output 

(4)Rear penetration indication output 


( I )Front penetration indication output 

(2)Front integrator output 

(3)Rear penetration indication output 
(4)Rear integrator output 

Abscissa : 100 p seconds/division Ordinate :	‘2 volts/division for integrator output 
5 volts/division for penetration 

indication output 

Figure 13.- Photographs of integrator output and penetration indicat ion output f rom meteoroid detector system. 
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